We examined the expression of perchloric acidsoluble protein (PSP) during liver regeneration after partial hepatectomy (PH) in rats. Liver regeneration was almost complete at 7-d after PH. Expression of PSP protein and mRNA decreased and then gradually increased during liver regeneration. An immunohistochemical study showed that PSP is distributed in cytosol and nuclei in normal liver, but localization in the nuclei was not be recognized in the regenerated liver.
Perchloric acid-soluble protein (PSP) is a protein highly conserved during evolution, but its crucial biological roles have not been elucidated. 1) We have reported that PSP is related to cell proliferation and/or differentiation. [2] [3] [4] [5] In fetal rat kidney, PSP was expressed in differentiated renal tubules but not in glomeruli. 2) In cultured cell lines, the expression of PSP was lower during the proliferation phase than during the confluent phase. 4) Overexpression of PSP inhibited cell proliferation in cultured cell lines. 5) In chick embryos, PSP is expressed in the neuroepithelial cells at embryonic day 3. When the function of PSP in the neuroepithelial cells of chick embryos was neutralized by anti-PSP immunoglobulin G (IgG), the neuroepithelial cells formed a wavy line due to excess-cell proliferation, which was detected by counting the proliferating cell nuclear antigen (PCNA) positive cells. 6) These results suggest that PSP has some anti-cell proliferation activity.
In this study, we examined the expression of PSP during liver regeneration after partial hepatectomy (PH).
Seven-week-old male Sprague-Dawley rats were purchased from Seac Yoshitomi (Fukuoka, Japan) and given an AIN-93G type diet and water. The rats were kept at the Biotron Institute of Kyushu University in a 12 h light/12 h dark (8:00 to 20:00) cycle at 20 C under a specific pathogen free condition. After one week, 2/3 PH treatment was performed according to the method described by Higgins and Anderson under light anesthesia using sodium 5-ethyl-5-(1-methylbutyl) barbiturate.
7) The dissected liver weight was measured immediately after PH treatment. Then the rats were maintained under the same experimental conditions. They were sacrificed by withdrawing blood from the abdominal aorta on days 1 to 4 and on day 7 after PH treatment.
The liver weight regenerated to the original weight after 7 d of PH treatment (data not shown). Expression of PSP protein and mRNA was examined by the immunoblot and RT-PCR methods, as described previously. 1, 4) Figure 1A shows PSP protein expression. Expression of PSP protein fell to half of that in the pretreated liver at day 2 of PH treatment, and expression of PSP gradually increased from day 3 of PH treatment. At day 7 of PH treatment, expression of PSP was almost equal to that in the pretreated liver. Figure 1B shows the expression of PSP mRNA. Expression of PSP mRNA was similar to that of PSP protein, but the change in the expression level was more remarkable. The expression of PSP mRNA decreased significantly at day 1 and day 2 of PH treatment. At day 3 of PH treatment, expression of PSP mRNA increased remarkably, and its expression decreased to a level equal to that in the pretreated liver at day 7. There appeared to be a coincidence between the down-regulation phase of PSP expression and the liver regeneration phase, since regeneration of liver y To whom correspondence should be addressed. Fax: +81-86-462-1199; E-mail: kanouchihiroaki@mac.com
Note starts at day 1 of PH treatment. Hence, the expression of PSP was down-regulated during the proliferating phase of the cells after PH treatment, suggesting that perhaps the cells induce expression of PSP when they enter the G 0 phase. A question remains to as to how PSP gene expression is regulated in the cells. But, it has been hypothesized that interleukin (IL) 1 and are one of the triggers of liver regeneration after PH treatment. 8) During liver regeneration, hepatic nonparenchymal cells (particularly Kupffer cells) produce IL-1 and . Cytokines regulate cell proliferation and differentiation, and they play important roles in cell-to-cell interactions. 9) A study of the mechanism of liver regeneration after PH treatment using cDNA microarray analysis found that various genes, such as interleukin-1 receptor associated kinase-1 (IRAK-1), are candidates for control of liver regeneration. 10) IRAK-1 appears to be phosphorylate I K B, an NF K B inhibitor. Activation of NF K B involves inducible phosphorylation and subsequent degradation of I K B, and NF K B mediates expression of various genes.
In addition, we examined the localization of PSP in the liver after PH treatment by immunohistchemical analysis, as described previously. 1) Figure 2 shows, the localization pattern of PSP of the pretreated-liver and that of the PH liver at day 2 differed. PSP was distributed into the cytosol and nuclei in many cells of the pretreated liver. But after day 2 of PH treatment, PSP was not recognized in the nuclei in most cells. Our previous results showed that PSP exists in the cytosol, endoplasmic reticulum (ER), or Golgi complex, but not in the nuclei in proliferating culture cells. 4, 11) ER stresses induce a dramatic increase in the localization of PSP to the nuclei and in the induction of PSP expression. 11) We speculate that cell proliferation was suppressed under the ER-stress condition by induction of PSP expression and accumulation of PSP in the nuclei. In the case of liver regeneration, PSP perhaps needs to be down-regulated and then deleted from the nuclei to enter from the G 0 phase into the proliferation phase cells. A, For determination of the PSP and -actin protein level, 40 mg of total protein from liver tissue was subjected to 15% polyacrylamide gel electrophoresis. Immunoblotting analysis was carried out with anti-PSP antibody and anti--actin antibody, successively. B, Semi-quantitation of PSP mRNA was performed by reverse transcription polymerase chain reaction. Aliquots (0.2 mg) of total RNA isolated from liver were reverse transcribed and PCR-amplified for either 22 cycles with PSP specific primer or 25 cycles with -actin specific primer.
Fig. 2. Immunohistchemical Localization of PSP in the Pretreated
Liver (A, B) and after PH Treatment (C). PSP protein was visualized as immunoreactive deposits. In the pretreated liver, PSP was recognized in both the nuclei and cytoplasm of hepatocytes. At 2 d of PH treatment, PSP was recognized only in the cytoplasm of most hepatocytes.
In conclusion, these results support the proposal that PSP is closely related to the inhibitory activity of cell proliferation. In kidney or liver cancer, PSP expression of malignant cells has been found to be lower than that of normal cells. 2, 12) If we can discover how the expression and activity of PSP is regulated, a new strategy can be formulated to suppress abnormal cell proliferation. Hence, the liver regeneration model might be available for clarification of proliferation and maturation problems involving PSP.
